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Young children use multiple cues to appreciate the three-dimensional structure of the world. A new study
reveals that these cues are properly integrated only years later, thus showing that sensory development is
protracted well into teenage years.A wealth of three-dimensional cues
help us perceive where objects are in
space, including binocular stereopsis,
the relative motion between objects
(parallax), and several cues favoured by
Renaissance artists such as linear
perspective and chiaroscuro. Young
infants within their first year of life are
sensitive to most of these cues [1],
and yet children do not seem to be
able to combine them successfully
until much later in life [2]. In adults,
depth cues appear to be fused in a
probabilistic optimal way and involve
the dorsal cortical area V3B [3]. A new
study by Dekker et al. [4], reported in
this issue of Current Biology, shows
that children younger than about
10 years process depth cues
independently, but beyond this critical
age, children start to fuse these cues
and the same area V3B appears to be
involved.
The problem of integration of multiple
cues is widespread in perception.
Elementary oriented elements in our
visual field need to be integrated into a
single contour [5]. The information from
the two eyes is both fused and contrasted
to enhance monocular vision (binocular
summation) and infer depth (binocular
disparity). Three-dimensional cues, in
particular binocular disparity and relative
motion, are fused to provide a single
depth for the localisation of an object [6].
Sensory modalities, such as vision,
audition, and touch, interact to enrich
our perception of an object. These
information-processing problems all
share similar computational demands,
but our brain may have found different
solutions to them; for instance, there is
evidence of fusion within, but not
between, sensory modalities [7].R1044 Current Biology 25, R1032–R1050, NoIn addition to the new study [4] on the
integration of depth cues, previous
studies have also found a surprisingly late
maturation of the integration of multiple
elements along a contour [5]. There are, of
course, real advantages in integrating
cues, such as making sense of multiple
features that belong to a single object [5]
or increasing the signal to noise ratio [8].
A central, lingering question is thus
whether there are any benefits for not
integrating cues, or instead this late
integration may be just a by-product of
other constraints. The cost of fusion is that
individual cues are no longer accessible,
and this might be detrimental for a system
that attempts to properly calibrate single
cues while the body is still growing [2].
Fusion might be particularly harmful if one
cue matures more slowly than the others
and provides spurious information to the
other cues. In addition, prior knowledge
about our visual environment is attached
to each individual cue, such as the opacity
of most natural objects that constrains
binocular stereopsis or an expectation
that objects do not move quickly that
constrains relative motion. Even though
these prior constraints do themselves
interact in the adult visual system [9], it is
arguably a good idea to secure a strong
relationship between a cue and its prior
constraints before allowing all cues to
merge. But of course, there are also neural
constraints that contribute to the delay
in cue fusion. In particular, the late
maturation of brain structures that might
support the integration, including the
protracted myelination of parietal and
temporal cortices [10] and the superior
colliculus in the midbrain [11], contrast
with the earlier maturation, within the first
few months of life, of unisensory neural
structures.vember 2, 2015 ª2015 Elsevier Ltd All rights reThe lack of proper fusion does not
mean that there is no interaction
whatsoever between the cues. Even
human newborns show some ability to
compare the texture of objects, and to a
lesser extent their shape, across sensory
modalities [12]. One must thus
distinguish fusion where the cues are
merged to define a single compound
object [8] from a simpler interaction
where the cues are processed separately
and their component estimates are
compared at some decisional stage
(Figure 1). To decide between these two
classes of cue interaction can be
challenging, as both often make the
same predictions.
Dekker et al. [4] propose two criteria
based on stimuli where binocular
disparity and relative motion provide
inconsistent information. In a first
scenario, the two cues are put in conflict,
for instance binocular disparity suggests
that the object is in front while relative
motion suggests that it is in the back. If
the two cues are fused, the two
contradictory information would cancel
out resulting in a flat percept, or the large
conflict would veto one of the two cues
leading to bistability [13,14]. Therefore, if
conflicting cues are fused, the ability to
discriminate two different objects
decreases. In a second scenario, one of
the two cues is removed, and inasmuch
as single cue stimuli exist, a fusion
mechanism again predicts a significant
loss of sensitivity to discriminate two
objects. In contrast to fusion, a
mechanism tracking separately each cue
is only moderately affected in these two
scenarios, thereby providing two
important criteria to distinguish between
the two classes of cue interaction.
According to these two criteria,served
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Figure 1. Models of cue interaction.
(A) In an independencemechanism, disparity andmotion cues provide separate depth information that are
then combined. Whether the cues provide consistent or discrepant depth information for stimuli S1 and S2
is irrelevant for the discrimination of these two stimuli (here discrepant information is illustrated). The
combined discriminability is always better than the single cue discriminability, whether the decision
stage is based on probability summation [17] or on the optimal rule [18] (pie charts represent
discriminability performance as the area under the Receiver Operating Characteristic curve whose
maximum is 1.0 and chance is 0.5). (B) In a fusion mechanism, disparity and motion cues are combined
to produce a compound stimulus from which depth is estimated. When the cues are discrepant, the
compound stimulus can lead to a bistable percept or the cues can veto each other leading to a flat
percept. Whatever the percept, this mechanism is at chance to discriminate compound stimuli resulting
from discrepant cues.
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Dispatchesbehavioural experiments in children aged
6–12 years revealed that depth cue
fusion started to occur after around 10Current Byears [4]. Concurrently, the same
conclusion was reached from brain
imaging after careful retinotopiciology 25, R1032–R1050, November 2, 2015 ªmapping, allowing the authors to
conclude that the same cortical area
(V3B) that is involved in fusion in adults
[3] also seems to be critical for children
over around 10 years old.
Given how widespread and important
the problem of cue integration is for a
developing organism, it is critical to
follow the step-by-step implementation
of a complete fusion mechanism. This
will help us better appreciate some
neurodevelopmental disorders of
children who have difficulties to
integrate sensory cues, especially in
dyslexia and attention deficit disorders
[15]. The criteria proposed by Dekker
et al. [4] should thus help us better
understand typical and atypical
development of cue integration and give
us a framework to explain why cue fusion
does not take place in the early years of
life [2,16].
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A unique bioassay allows a substrate-borne vibration signal to be isolated and manipulated to test its role in
eliciting female mate choice, which may be driving a speciation event, by a live, unrestrained male.The study of animal communication via
substrate-borne vibrations, or what we
now call tremology or biotremology [1],
is an emerging field of animal
communication that has shown
tremendous growth in number of
publications in the last 25 years [2].
What makes this growth trajectory so
implausible is the certainty that this
communication mode is both ancient (at
least 230 million years old in insects [3])
and widely used in arthropods and
vertebrates in multiple contexts [4–6].
Indeed, communication using vibrations
and chemicals probably evolved with the
early Metazoa [1]. Yet, the existence of
vibrational communication in animals is
virtually unknown to most non-scientists
and not well-known even to many who
specialize in acoustic communication,
which includes use of both airborne
(sound) and substrate-borne vibration
signals.
Bees, in general, are thought to bemost
influenced by chemical signals, but honey
bees produce low-frequency substrate-
borne vibrations in the honeycomb as
they dance. Vibrations of thoracic flightmuscle without actual wing movement
are transferred to the comb by honey
bees pressing their bodies against the
substrate [7]. Bumblebees and stingless
bees produce these thoracic vibrations
[8], as do some groups of flies [5]. Honey
bees also produce substrate-borne
vibrations by tremulation of the abdomen,
which is thought to be a motivating
signal to modulate behavior in hive
mates who could be contributing more
effort [9]. In this issue of Current Biology a
new context in which thoracic vibrations
play a role in solitary bees is
investigated [10].
Red mason bees (Osmia bicornis
Linnaeus 1758) are solitary bees in the
familyMegachiladae. Two subspecies are
found in Europe, O. bicornis rufa was
collected from Germany and O. bicornis
cornigera from England. Sympatric
populations of these subspecies were
found in Denmark. While males appear to
be attracted to all females of the species,
females in the laboratory prefer to mate
with males collected from their same
region, suggesting an early stage in
speciation driven by female mate choice.In male red mason bees thoracic
vibrations are produced as part of a pre-
copulation courtship behavior during
which a male is perched on the female’s
back, vibrating, rubbing himself against
her, and stroking her antennae and eyes
with his own antennae and forelimbs.
Thoracic vibrations have been identified
as at least one of the criteria used by
choosy female red mason bees, which
mate with males that vibrate for the
longest period of time [11]. Males with
higher fitness could sustain production of
thoracic vibrations for a longer period of
time, since the flight muscle contractions
are energetically expensive. Since
females also prefer to mate with males
from their own geographic region, male
vibrations may encode more information
than simply an indicator of fitness. This
paper uses a unique manipulation to
tease out the role of male thoracic
vibrations in female choice.
Males of the red mason bee with a
magnet fitted to their thorax will behave
otherwise normally and pursue matings
with available females. A signal made
from a recording of male thoracicserved
